Abstract. The ERA5 reanalysis, recently made available by the European Centre for Medium-Range Weather Forecasts (ECMWF), is a new reanalysis product at a higher resolution which will replace ERA-Interim, considered to be the best reanalysis over Greenland until now. However, so far very little is known about the performance of ERA5 when compared to ERA-Interim over the Greenland Ice Sheet (GrIS). This study shows (1) that ERA5 improves not significantly the ERA-Interim comparison with near-surface climate observations over GrIS, (2) polar regional climate models (e.g. MAR) are still a useful 5 tool to study the GrIS climate compared to ERA5, in particular in summer, and (3) that MAR results are not sensitive to the forcing used at its lateral boundaries (ERA5 or ERA-Interim).
. Localisation of the 21 AWS from the PROMICE network used in the study. Blue line in sub-maps represent the limit between the ice sheet and the tundra.
Here we assess the near-surface climate of the GrIS simulated by E5 against PROMICE observations at a daily time scale.
We also compare it to the previous reanalysis generation, EI, the regional reanalysis ASR and two MAR simulations. Four variables are evaluated here as proxy of the near-surface climate: 2-m temperature (T2M), 10-m wind speed (W10M), shortwave downward radiative flux (SWD) and long-wave downward radiative flux (LWD) .
Modelled values of these essential climate parameters are computed for each AWS location followowing an average-5 distance-weigthed values of the four nearest grid point. To evaluate modelled values, we compare the correlation, the root mean square error (RMSE), the centred RMSE (RMSEc) and the mean bias (MB) between daily observations and each modelled datasets. These statistics are calculated for each day of AWS observations, averaged over 2010 -2016 and for all AWS, by applying a weighted average according to the number of available observations for each station.
For T2M statistics, we tried to correct modelled temperature values from the altitude difference between the station and the 10 model interpolated elevation with a variable vertical temperature gradient. As the comparisons were not improved, we concluded that applying such a correction would add more uncertainties than using the raw modelled fields without any correction. 
Temperature
All models have correlations higher than 0.96 at the annual scale and higher than 0.82 in summer with PROMICE based T2M and a RMSE representing about 30% of the daily variability and then the biases can be considered as not statistically significant.
Concerning the reanalysis products, it should be noted that ASR outperforms the ERA reanalyses and that E5 does not outperform EI: despite E5 having a higher correlation in summer (0.85 VS 0.83), EI has a smaller RMSE in summer than E5 
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Finally statistics of MAR experiments reveals that MAR E5 is colder in summer than MAR EI , but they produce similar temporal variability.
Two distinct elements can explain the statistical differences between the representation of T2M by the models considered here. First, the difference in altitude between the station and the corresponding interpolated model elevation, which mainly influences the annual MB. For example, the interpolated elevation of the EI grid is 770 m higher at AWS QAS_L (see Table   20 S2 in supplementary materials) while the difference in altitude is lower for the other models (151 m for E5, 6 m for ASR and 119 m for MAR). This difference lead to a negative MB of EI (-4.81 Table S12 ) and erroneously suggests that this model is colder at this location. The second element influencing the modelling of T2M is the better representation by the two regional models (MAR and ASR) of the physical processes at the surface of the GrIS. This consequently results in a better representation of surface-atmosphere interactions, which are influenced by the melt of the snow pack when the excess energy 25 is used to melt snow or ice and not to warm the surrounding air and by the density of the snow pack which is better modelled in the polar RCMs. The influence of better resolving the surface processes (i.e. melt-albedo feedback) which are driving the near-surface temperature and melt variability is particularly relevant in summer when the statistics of both ERA datasets are worse than those of RCMs.
The finer resolution of the regional models and the inherently better representation of the topography could also play an To conclude, MAR shows the best accuracy when modelling T2M which might also lead to a better representation of the surface melt (not evaluated here) and therefore of the SMB.
Wind speed
10 W10M in each model is well correlated with observations (annually > 0,80 and in summer > 0,74) and a insignificant RMSE representing 70 % of the daily variability (Table 1) , except for ASR in summer.
Generally, wind speed depends on synoptic atmospheric features, but also on interactions with the surface and local topographic conditions, such as glacial valley (e.g. QAS_L). It is difficult for all models to correctly represent the surface wind regime in these areas due to their coarse resolution preventing a detailed representation of the local topography.
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E5 is higher correlated to in-situ observations than EI, MAR and ASR at the annual and summer time scales and also has a smaller RMSE and RMSEc. In this case E5 outperforms EI, most likely due to its higher spatial resolution.
Despite the improved representation of W10m in E5, both EI and E5 underestimate W10M (negative bias between -0.96 and -0.78 ms ). But the biases are reduced when the MAR wind speed (UV2 at ∼2 m, Table 1 ) is taken at the height of the AWS measurements. However, the correlation of the wind speed is neither sensitive to the vertical level used in MAR (2 m vs 10 m) nor to switching the forcing from EI to E5. 
Longwave downward radiative flux
Contrary to wind speed and temperature observations that are usually assimilated in reanalyses, observed downward radiative fluxes are usually not. Forecasted radiative fluxes simulated by the three reanalysis models have therefore been used in this study to compare to in-situ observation of radiative fluxes. Table 1 shows that each model has a satisfactory representation of LWD and differences with PROMICE observations are 30 not significant while all the models underestimate LWD.
E5 provides the best performances for LWD compared to the two others reanalyses with the highest correlation coefficients (0.94 annually, 0.89 in summer) and the smallest RMSE. ) compared to the reanalyses.
The better LWD statistics of the three reanalyses compared to MAR EI and MAR E5 is partly due to the assimilation of the main fields influencing the simulation of cloud cover by reanalyses. They assimilate radiance from satellite data as well as 5 temperature and humidity profiles from radiosondes (Dee et al., 2011; Bromwich et al., 2016) . This enables a better representation of incident radiative fluxes, on one hand through the presence or absence of clouds and on the other hand through their microphysical characteristics, including the thickness, water phase or temperature of the clouds. This state of the atmosphere is not assimilated by MAR for which the specific humidity and temperature are only prescribe at its lateral boundaries every 6-hours and MAR clouds are the outcome of the model's own climate and microphysics. The assessment of SWD as represented by both MAR experiments reveals no significant difference, but a less accurate representation of the SWD temporal variation than in the ERA reanalyses.
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In general, the accurate representation by a model for incident radiative fluxes (LWD and SWD) depends on its radiative scheme. The radiative scheme used by MAR is the one from ERA-40 (the previous ECMWF reanalysis before EI) which has been updated for the EI and E5 reanalyses. This argument, combined with the assimilation of observations by reanalyses, in particular of atmospheric humidity and temperature, which enables them a more accurate representation of clouds, justifies the better statistical comparison of the incident radiative fluxes simulated by the ERA reanalyses compared to MAR when forced 25 by these reanalyses.
Discussion and conclusions
We have evaluated essential near-surface climate variables (2-m temperature, 10-m wind speed and energy downward fluxes) simulated by the new ERA5 reanalysis against EI, ASR, and MAR forced by EI and by E5 over 2010 -2016.
The first aim was to evaluate E5 against the other reanalyses. The first one is EI, because it is usually used as a reference 30 over Greenland while the second one is ASR, a regional reanalysis specifically developed for the Arctic region. E5 outperforms
